Abstract
Introduction
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The Kabul River Basin (KRB) is strategically very important for its transboundary nature and 
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Figure 2: Climatograph of the downstream (left) and the central upstream (right) of the Kabul River Basin
Around 9% of the total land area of the KRB is cropland [12] . The main sources of irrigation relative evapotranspiration [7, 8] , delivery performance ratio, drainage ratio and depleted 107 fraction [8] and equity and reliability [7, 11] etc. For this study, equity, adequacy and 108 reliability were used as the prime criteria for assessment of the irrigation performance at 109 administratively important spatial units (sub-basin, and provincial) and strategically viable 110 time steps (Annual, monthly and seasonal). The choice of these indicators is mainly due to its 111 requirement of the mainly remote sensing based ETa data rather than detailed secondary data 112 or field measurements which were hindered by the prevailed insecurity and political 113 instability in the rural irrigated regions of the KRB. Moreover, the selection is also based on 114 the consideration of quantifiability, cost effectiveness and accuracy required [18] .
115
Equity is an extremely important aspect of irrigation management which deals with spatial 116 distribution of water from the system manager's point of view for large supply based 117 irrigation systems [19] . But in areas like KRB, suffering from multilateral issues (e.g.
118
infrastructure damage, poor hydro-meterological network and water scarcity, etc.), equity in 119 water consumption is more relevant at system level and therefore can be computed from the 
Equation 1
The Therefore, a methodological framework ( Figure 3 ) was established to estimate the ETa 
where where ETa is the actual evapotranspiration, ETw is the evapotranspiration under wet surface, variance by using Equations (9) and (10), respectively for a specific season/ year. Finally the 228 cumulative MK statistic and variance is used to compute the Z statistic by the set of Equation
229
(11).
Equation 7 where in equation ( 
When each time step is shown by a single data point (with sample size > 10), then the 236 variance of MK statistics is calculated through the following equation:
Equation 8 where gi = number of groups with tied data in month i; tip= number of tied data points in 238 group p of month i; and Ni = number of data points (over years) for month i.
239
After calculating Si and VAR(Si) for individual month, the annual sum was calculated by 240 using equations C and D:
Equation 10 The standardized ZMK statistics were calculated using the following equation which follows a 243 standard normal distribution and can be related to a P value for testing the significance of the around 2% of agricultural land cover expansion across the KRB [12] . The LULC analysis as 
Analysis of spatial Equity
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A recent study in the KRB [12] shows that ratio of cropped to non-cropped area varies 326 substantially among different provinces and sub-basins. Thus, comparing the ETa for total 327 area by considering cropped and non-cropped between the provinces and sub-basins will be 328 misleading. We, therefore, delineated the cropped area from the non-cropped area and hence 329 used the ETa from the cropped area among different provinces. (Figure 9) 
Figure 9: Physical distribution of cropped and non-cropped area of the KRB
The results in Figure 10 shows that, generally, in winter season the CV of mean ETa in the 
Figure 10: Coefficient of variation of mean actual evapotranspiration at the spatial administrative units of (9a) inter and intra sub-basin and (9b) provincial level
Analysis of Seasonal Adequacy
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Throughout the KRB, the mean maximum RET for summer (May-September) and winter
357
(October-April) was 0.84 and 0.73, respectively (Figure 11 ). In the irrigated parts of the 358 KRB, the RET, estimated both for summer and winter, was below the critical value (i.e. (2003, 2005, 2007, 2009, 2013) and dry (2000, 2001, 2002, 2004, 2006 and 
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Throughout the study period, across all the constituent provinces of the KRB, the CV of RET
399
varied within a range of 43%-60% which is quite narrow compared to that of winter season. 
Conclusion and recommendations
